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Abstract 

This paper describes the development and use within Hong Kong 
Polytechnic of a simple planning methodology for analysing the 
working practices and procedures of its 2,000 or so computer- 
using staff with the aim of targeting the strategic technologies 
tliat user support services should concentrate on. Tlte 
methodology represents an implementation of the principles of 
business process redesign (or re-engineering) and is based upon 
the tenets of the stage model theory of technology diffusion. 

Vie metiwdology was used to establish technology 
compatibilities within the user activities thai would yield the 
greatest return on the investment the Institution has recently 
made in networks and Personal Computers (PCs) 

As a result, two general areas of technology use were identified 
as having strategic potential for the Polytechnic in accordance 
with its overall mission. These were, firstly, the use of electronic 
mail, in its broadest definition, to include messaging, bulletin 
boards, electronic forms, and international communication and, 
secondly, word-processing, again in its broadest definition, to 
include the integration of graphics with text and desk-top 
publishing. 

Use of the methodology enabled the Institution's planners to 
redesign its Information Technology (IT) user services so that the 
Information Technology Service Department could better adhere 
to its stated mission of supporting the Institution's primary 
goals of research effectiveness and operational efficiency, whilst 
simultaneously avoid allocating scarce support resources to 
projects with marginal return. 

The approach is commended to IT service providers anxious to 
demonstrate their contribution to institutional goals through the 



application of a quantified basis for organisational and 
operational planning and decision- making. 

1. INTRODUCTION 

Hong Kong Polytechnic (HKP) is the largest of the seven 
institutions for tertiary education in Hong Kong, with an 
enrollment of over 14,000 full-time equivalent students for 
the academic year 1992/3. The provision of computing 
resources for both staff and student use is seen as a vital 
role for the institution's support services, and this paper 
describes how the organisation of its IT service functions 
are evolving alongside the changing profile of the 
Polytechnic's physical computing resources. In particular, 
the paper describes how a move towards distributed 
computing has engendered the need for more pro-active 
involvement by the institution's IT specialists with the 
established practices and procedures that have grown up 
over the years. This is because it was recognised that 
distributed computing is in many ways discretionary 
computing, as users of personal computers and networks 
often have a choice as to whether they should use the IT 
facilities available to them or not. It was the Polytechnic's 
wish that having provided extensive IT resources, they 
should be used to the fullest, and it was realised that new 
practices and job roles were required of the IT specialists in 
order to make this possible. As a result, a pilot study was 
launched with the intention of devising and testing a 
methodology for analysing existing procedures and re- 
engineering them where appropriate, utilising the IT 
facilities that were being made available, such that the full 
benefits of those facilities could be realised by the 
Institution. The study was also intended to identify a 
means of assessing the training requirements of computer- 
using staff, and the type and nature of the support 
structures they would need in order to continue making 
good use of IT. 

2. HONG KONG POLYTECHNIC 

The Hong Kong Polytechnic was formally established on 
August 1, 1972, taking over the campus of the former 



Permission to copy without fee all or part of this material is granted provided that the copies are not made or distributed for direct 
commercial advantage, the ACM copyright notice and the title of the publication and its date appear, and notice is given that 
copying is by permission of the Association for Computing Machinery. To copy otherwise, or to republish, requires a fee and/or 
specific permission. 

© 1993 ACM 0-89791-631-X/93/001 !...$! .50 



Toward New Horizons 



ACM SIGUCCS XXI 1993 • 381 



Business Process Re-Design 



Roger W. Harris 



Hong Kong Technical College. Since then the Institution 
has undergone extensive development and rapid 
expansion. Student population of the Polytechnic has 
increased from 13,000 in 1972/73 to 26,000 in 1992/93. 

The Polytechnic offers a wide range of courses to meet the 
demands of commerce, industry and the community. In 
1983, the Polytechnic gained Government support to offer 
its first courses leading to the award of bachelor 's degrees. 
In 1987, the Polytechnic started to register candidates for 
the Degree of Master of Philosophy, and in 1988, saw the 
first MPhil graduate. In 1989, taught master's degree and 
post-graduate diploma courses were offered and the first 
Doctor of Philosophy candidate registered. 

For the 1992/93 academic year, more than 200 courses are 
offered in a variety of attendance modes, including full- 
time, sandwich, part-time day release, part-time evening 
and distance learning. Successful completion of these 
courses will lead to the awards of first and higher degrees, 
post-graduate diploma, associateship, professional 
diploma, higher diploma, diploma, post- registration 
diploma and certificate, endorsement certificate, higher 
certificate, certificate and certificate of proficiency. There 
will be about 2,400 places for the first year of full-time and 
sandwich bachelor's degree courses. 

At present, the Polytechnic has 25 academic units grouped 
under its six divisions: 

Division of Applied Science and Textiles 

Department of Applied Biology and Chemical Technology 
Department of Applied Mathematics 
Department of Applied Physics 
Institute of Textiles and Clothing 

Division of Business and Information Systems 

Department of Accountancy 
Department of Business Studies 
Department of Computing 
Department of Hospitality Management 
Department of Management 

Division of Communication 

Department of Chinese, Translation and Interpretation 
Swire School of Design 
Department of English 

Division of Construction and Land Use 

Department of Building and Surveying 
Department of Building Services Engineering 
Department of Civil and Structural Engineering 



Centre of Land and Engineering Surveying 

Division of Engineering 

Department of Electrical Engineering 
Department of Electronic Engineering 
Department of Manufacturing Engineering 
Department of Mechanical and Marine Engineering 
Department of Nautical Studies 

Division of Health and Social Studies 

Department of Applied Social Studies 
Department of Diagnostic Sciences 
Department of Health Sciences 
Department of Rehabilitation Sciences 

In recent years, the Polytechnic has established a number 
of specialist centres, with financial support from 
industries. These include an IBM-Hong Kong Polytechnic 
Computer- Aided-Design and Computer- Aided- 
Manufacture (CAD/CAM) Research and Education 
Centre, the Royal Hong Kong Jockey Club Rehabilitation 
Engineering Centre, a Plastics Technology Centre, a 
Business and Technology Centre, a Centre for Professional 
and Business English, a Centre for Translation Studies, a 
Surface Mount Technology Centre and an Image 
Management Centre. Other centres in advanced stage of 
planning include a Business Systems Development Centre, 
a Technology System Development Centre, an Industrial 
Automation Centre and a Precision Engineering Centre. 
These centres provide support for activities such as 
applied research, consultancy, provision of technical 
advice and information, and specialist training to people in 
the commercial and industrial sectors. Facilities in these 
centres are also utilised for teaching and learning 
purposes. 

As part of the process of achieving institutional self- 
accreditation, and ultimately University status, the 
Polytechnic deemed it appropriate to adopt a revised and 
more concise statement of its mission, as follows: 

(i) To serve the Hong Kong community and contribute to 
its well being, prosperity and development through the 
provision of programmes of education and training, the 
conduct of research, and collaboration with industry, 
commerce, Government and the professions. 

(ii) To continue to develop as an international, university 
level institution with a distinct identity based on the 
Polytechnic ethos of practical creativity, relevance to the 
world of work and close links with the community. 

(iii) To provide a balanced programme of courses of high 
quality, including both full-time and part-time provision, 
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designed to contribute substantially to meeting Hong 
Kong's needs for highly trained and skilled manpower, 
and to anticipate and reflect changes in these manpower 
needs. 

(iv) To provide its students with a balanced and broad 
educational experience which fosters critical and analytical 
thinking, creativity and competence, linked with a 
commitment to the well being of society and an 
understanding of ethical values. 

(v) To enhance its research capacity through the 
development of high quality research programmes and the 
development of "areas of excellence". 

(vi) To direct its research effort primarily towards applied 
and strategic research relevant to the needs of Hong Kong. 

(vii) To conduct research activities, where appropriate, in 
collaboration with other academic institutions, in Hong 
Kong or elsewhere, or with industrial, commercial, 
professional or public services organizations. 

(viii) To collaborate with and maintain close links with 
industry, commerce, public services, the professions and 
the community generally and to develop appropriate 
support mechanisms which will contribute to industrial, 
commercial and community development. 

(ix) To provide support for the professional development, 
updating and retraining of Hong Kong's workforce using 
appropriate models of continuing education and training. 

(x) To promote partnerships between higher education, 
Government, appropriate Government agencies, industry, 
commerce and the professions, in addressing strategic 
issues related to the social and economic development of 
Hong Kong. 

(xi) To provide a caring environment with appropriate 
provision for the well being of its students. 



3. BACKGROUND TO HKP'S 
COMPUTING FACILITIES 



3.1 Academic Computing 

By 1991, the provision of computing services was 
characterised by a central service, with most access from 
terminals and PCs plus some departmental service* based 
on PCs to satisfy local needs. Some of these PCs were 
connected to ports in the Computer Centre, but most of 
them were in stand-alone mode with a hard disk and 



printer on each. This mode of usage did not allow flexible 
working practices nor was it convenient to share resources. 
The situation reflected a combination of traditional 
terminal lines into minis and mainframes and a growing 
trend toward the use of PCs, a few of which had been 
networked, but with no strategic direction to the inherent 
shift toward distributed computing that this trend 
represented. 

Connection lines to the central services were through two 
data switches operating at full capacity, plus some directly 
connected lines to specific computers. In addition, there 
were some Ethernet Local Area Networks. The 
consequence of this arrangement was that users did not 
see the same range of services, and access to the services 
was dependent on the physical location of the user 
terminal. The service connection was inflexible and had a 
limited degree of interchangeability of use of the 
Institution's VAX computers. 

It was recognised that improvements were possible by 
providing users with the ability to access the whole range 
of centrally based services which could therefore be shared 
with other users. 



3.2 Administrative Computing 

By 1991, administrative computing was almost entirely 
based on VAX computers dedicated to a specific 
administrative tasks. These included financial and 
personnel management systems, student records, and the 
library catalogue, departmental access was provided to the 
information base by a PC linked into the administrative 
system and located in the administrative assistant's office 
of each Department, The growth of access points to these 
administrative databases was not easily manageable as the 
restriction was based on physical access points. 

3.3 Campus Network 

The provision of a campus-wide network was identified in 
the Institution's strategic plan as the key to overcoming 
many of the limitations of the previous arrangements. The 
first phase of the network, a 100 Mps fibre-optic backbone 
and associated equipment, the first of its kind in a tertiary 
institution in Hong Kong, was commissioned in October 
1990. In 1991, with an allocation of HK$ 14.8 million capital 
funding, the project moved on to its second phase which 
aimed at directly improving the facilities available to staff 
by providing at least one networked PC workstation per 
academic staff room and key administrator's office. In the 
Spring of 1991, departments' requirements were assessed 
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and tenders progressed. Installation work proceeded 
throughout the summer resulting in local area networks 
coming on-line by late Autumn in all forty-four academic 
and administrative departments. 

Over twelve hundred staff PCs, three-hundred and fifty of 
which were new systems, were installed at that time on the 
network and a further 200 or so have been added since. 
This part of the project, known as the Staff LAN, provides 
staff with greatly improved personal computing resources 
and an infrastructure which provides a ready means for 
accessing Library information, exploiting the central 
computers, and for exchanging information electronically, 
both locally and internationally. 

3.4 Central Computing Resources 

The major central resources, based on VAX cluster systems, 
provide computing support for the Library and 
administrative departments and a reducing service to 
academic departments, who are now finding that many of 
their computing requirements can now be satisfied by the 
campus network. This is not universally the case, as one 
department has its own IBM AS/400, and an IBM ES/9000 
model 170 has also been attached to the academic 
computing segment. 

3.5 Departmental Computing Resources 

Departmental facilities cover a wide range of products 
from different vendors which include IBM, DEC, HP, 
Apple. The equipment of particular importance within the 
scope of the networking project is the range of IBM PC 
compatible systems, plus a smaller number of Macintosh 
systems, which are located in academic staff rooms and 
key administrative offices, since these were required to be 
networked. Of particular relevance is the existence of a 
number of departmental LANs which were already in use 
prior to the campus networking project, and which were 
utilising the following major operating systems: 

• 3+Open LAN Manager 

• VINES 

• NetWare 

• DECPCSA 

• Appleshare 

• LAN Manager /X 

The new LAN system was expected to interoperate with 
these, and the central resources. The network backbone 
consists of a 100 Mbps fibre-optic (FDDI standard) ring 



which traverses the major buildings within the campus. 
Five Cisco Routers are attached to provide the inter- 
connections of 10Mbps (IEEE 802.3 standard) copper 
ethernet cables within buildings. The software chosen for 
the backbone network management, is 'NetCentral', a 
system developed by cisco, the company from whom the 
routers have been purchased. A SUN SparcStation is the 
hardware platform which has been acquired to run this 
system. All DECnet nodes on the campus are managed 
under the Network Control Program (NCP) which is a 
network management utility bundled with the DECnet 
software. 

Whilst academic and /or administrative departments have 
a number of common features, there are characteristics in 
their work which distinguish them as work-groups in their 
own right. For example, specialist teaching materials or 
operational information requirements. W ithin academic 
departments the staff LANs form only part of the 
departmental network, which includes also the networked 
facilities for students. For network cabling, IEEE 802.3 
10Base2 technology was selected. 

4. THE STAGE MODEL THEORY OF 
TECHNOLOGY DIFFUSION 

Having acquired an extensive network linking the 
Polytechnic's computers to each other, it was then 
considered essential to implement mechanisms that would 
ensure this new capability was fully exploited to the 
benefit of the Institution's work and its overall goals. 
Initially, a pilot study was launched in two departments 
that would test and validate a methodology for examining 
existing practices and procedures and for re-designing 
them in line with the goal of maximising the utility of the 
network systems, and deriving the benefits which were 
believed to be available. 

The methodology that was developed for the pilot study 
represents an implementation of the principles of Business 
FTocess Re-Design (or Re-Engineering), and is based upon 
the tenets of the stage model theory of technology 
diffusion [1]. This theory characterises an organisational 
effort toward diffusing appropriate information 
technology within a user community as a six- stage 
process; Initiation - Adoption - Adaptation - Acceptance - 
Routinisation - Infusion,with each stage having its own 
process and product. These are summarised in figure 1. 

The stage model has relevance to Hong Kong Polytechnic's 
situation with regard to the use of computers by its staff in 
so far as the networking of PCs provides increased 
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availability of information technology to a growing 
proportion of people. Efforts to obtain maximum utility 
from these resources would therefore benefit from a 
methodical approach that acknowledges the stages in the 
model and advances the Institution through them as 
quickly as possible. 

Research validating the stage model theory has concluded 
that acceptance of technology at the higher levels of the 
organisation depends on commitment and involvement 
from senior management, and acceptance at the lower 
levels of the organisation depends on task-technology 
compatibility [2]. The purpose of the pilot study was to 
devise a methodology to achieve both of these, and to do 
so, the six stages were condensed into three phases of 
work; 

Phase 1. Programme Planning and Analysis 
Phase 2. Project Implementations 
Phase 3. Programme Consolidation 

Figure 1. depicts the six-stage model, and which Phase of 
work addresses each of them. It was realised that without a 
pro-active project definition exercise as described by the 
first phase of work, users would be unlikely to move 
toward the later stages of the stage model, where the real 
returns from the technology are encountered, at a pace 
which senior management would find acceptable. The 
focus of the methodology, therefore, was to achieve the 
necessary procedural and organisational changes for the 
Institution to attain the sixth stage of technology diffusion 
as quickly as possible. 

Phase 2 - Project Implementations - relates to the 
development and implementation of the high pay-off 
applications that are advocated from the results of the first 
phase. It embodies the third and fourth stages of the stage 
model. It would not normally commence until Phase 1 has 
been completed, and its contents and timing are 
determined by the results and based upon the outcome of 
Phase 1. 

Phase 3 - Programme Consolidation - embodies the fifth 
and sixth stages of the stage model. Its purpose is to bring 
about any institutional staffing or technology adjustments 
that may be required to sustain and develop the 
applications already identified well into the foreseeable 
future. It would also ensure that subsequent automation 
opportunities are addressed in a fashion that assures 
successful implementation. Again, the detailed content of 
Phase 3 is determined by the outcome and experiences of 
the earlier stages. 



5. BUSINESS PROCESS RE-DESIGN 

In providing a PC to every academic member of staff and 
to senior administrative staff, the Polytechnic had 
acknowledged the growing importance of PCs in today's 
computer industry in general and in academic life in 
particular. From figure 2. it can be seen that worldwide 
annual revenues from PCs have been out-stripping those 
from mid-range systems since 1987, and have exceeded 
revenues from main-frame systems since 1989. Significant 
changes in the computing industry have occurred as a 
result, with winners and losers emerging in accordance 
with the changing buying habits of the IT-consuming 
community. Companies whose revenues are derived 
mainly from mid-range or main-frame systems are 
suffering, whilst many of those whose revenues are 
derived mainly from PCs and associated products are 
thriving [3], 

For example, Wang Laboratories suffered a 20% reduction 
in revenue in 1991 and have filed for Chapter 11 
bankruptcy in the United States; DEC announced their first 
ever operating loss in 1991, lost a further US$1.8 billion by 
the second quarter of 1992, and are laying off 20,000 
workers; IBM suffered their first ever loss in 1991, are 
reducing staff by 50,000 this year and a reported 35,000 
next year. The company has been placed under credit 
watch in the USA, and recently announced their first-ever 
cut in dividends. On the other hand, Microsoft, the world's 
largest software company, reported revenues up 54% in 
1991, Novell's rose 35%, and Intel enjoyed their best ever 
financial performance in 1991 with revenues up 22%. [4], 
151 [6], [71, [8J. 

The picture painted represents something of a revolution 
in computing which shows no indication of letting up. 
Technology advances in end user equipment are 
continuing apace, and price wars in the PC market are 
reducing the cost of IT to increasing numbers of people. 
The harsh realities of the market place have caused 
profound changes in the computing hardware and 
software industries in the short span of five years. 

What is less clear though, is the extent to which the IT 
profession has adapted to these events, and how IT 
professionals are preparing themselves for a continuing 
role in the support of end users anxious to make the best 
use of their changing IT resources. The pilot project was 
the Polytechnic's expression of its concern that the services 
provided by its IT specialists were becoming less relevant 
to the Institution's computer users whose computer-using 
behaviour patterns were switching from centrally 
organised systems running on mini-computers, towards 
locally-organised systems running on PCs and networks. 
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Large and growing numbers of people within the 
Polytechnic, as well as world-wide, are gaining access to 
increasing amounts of computing power without requiring 
an intervening role from IT professionals to determine how 
that power should be used. As a result, most users have 
discovered that their prime requirement has been for basic 
knowledge about hardware and software in order to learn 
about the capabilities of each. IT personnel may have been 
called upon to provide training, education and consultancy 
services to help computer users become proficient with 
popular PC software packages. Alternatively, users may 
have depended on product suppliers or outside 
organisations to obtain this knowledge. In either case, user 
learning at this stage is generally product specific in that 
users become familiar with PC hardware terminology and 
they begin to know the difference between spreadsheets 
and databases and what the capabilities are of word 
processing and graphic packages. 

For many PC users, understanding simple routines for the 
operation of PC hardware and Becoming proficient with 
one or two software packages requires as much investment 
in learning as they are prepared, or have time, to make. As 
more PCs are made available to users, and as software 
becomes increasingly sophisticated, and as more PCs are 
connected to powerful networks, thereby enhancing their 
functionality, more opportunities for beneficial use of IT 
become available. However, exploiting these opportunities 
successfully requires an unusual blend of detailed 
knowledge of the technology, as well as knowledge of the 
organisation and the problems and objectives of its 
management. Marty users are not in a position to devote 
time to understanding the technology in depth, and to 
finding innovative ways of exploiting it to its full potential. 
As a result, many of them fail to use the equipment 
available to them to its full capability. Opportunities for 
automation which can provide significant benefits to the 
organisation are missed because end users are neither 
trained nor employed to identify or implement them, and 
technical support staff are too busy providing product- 
oriented services and are themselves neither trained nor 
inclined to address business problems from an IT 
perspective. 

If support in the form of training is provided by suppliers 
or an outside organisation then they will not be in a 
position to assist users in developing and implementing 
automation opportunities as they will have little 
understanding of the users' business, its problems and 
objectives. When support services are provided by in- 
house technical specialists, they are normally technically- 
oriented staff who understand the technology and the 
capabilities of particular software packages, but who may 



know little in detail about the business functions of the 
organisation. As a result, they are probably also unable to 
advise users on when and how to use their computers, 
which applications to develop and which business 
functions to automate. 

Most IT support resources, in the form of skilled staff for 
the provision of technical and systems support are still 
dedicated to the support of Data Processing (DP) systems, 
even though these are a reducing/and in some cases a 
minority proportion of the organisation's total IT 
resources. The processes for analysing and designing DP 
systems have been evolving for more than two decades, 
and have provided IT specialists with a variety of 
methodologies that can guide them toward delivering 
quality systems. The development of end -user systems has 
no such track record, and there are few equivalent 
methodologies available to either users or IT specialists 
that are capable of assisting in the identification and 
delivery of quality end-user systems. This probably 
accounts for the fact that the little support for end- user 
computing (EUC) that exists in Hong Kong is mostly 
product-specific, and is oriented towards technical 
troubleshooting and getting users up and running with 
their PC, rather than towards a business perspective of 
EUC management. 

One observer has characterised the requirement for a re- 
orientation of the management of EUC as a shift away 
from user support services that are reactive and product- 
oriented, toward a more proactive, business-oriented 
approach to support services. [9] The shift in approach 
requires IT professionals to pay more attention to 
generating business value from computers by aligning 
support services with system initiatives that have 
maximum value for the organisation. Value here is 
expressed in terms of the organisation's overall objectives, 
its particular market position, and the concerns of its 
senior management. Naomi Karten, in a seminar given in 
Hong Kong, characterised this shift in the approach to user 
support services as a re-orientation that has six major shifts 
in emphasis, which are shown in figure 3. 

For proactive support services to be successful, IT 
professionals must be willing and able to spend time 
understanding the problems that their user community are 
facing, and they must also be capable of placing those 
problems into the context of the organisation's overall 
objectives and goals. The availability of technical know- 
how ceases to be the key ingredient, and according to 
another observer, a major barrier is the attitude of most 
technical personnel toward spending the major portion of 
their working hours assisting users. Their terms for this 
activity are frequently derisive, such as "handholding" and 
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This paper presents an overview of OLE DB, a set of interfaces being developed at 
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Heterogeneity aspects in mobile collaborative systems, such as differences in user's 
interest, semantic conflicts across different domains and representations, and disparate 
device capabilities, cause difficulties in developing software applications. One of the key 
problems for collaborative applications is maintaining a consistent shared state. In this 
paper, we describe a framework that manages several aspects of heterogeneity to 
maintain consistency across the collaborating sites. We assume gr ... 
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MedModel is a simulation tool that allows healthcare engineers, managers and clinicians to 
quickly examine very complex operational and planning issues. Unlike static tools, such as 
spreadsheets, MedModel makes it easy to replicate the complex interactions within and 
between departments. These interactions quickly create problems that are simply too 
complex for traditional tools to answer properly. MedModel has a wealth of specific 
functions to accurately duplicate actual health system behavior. ... 
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In this paper we present FireWxNet, a multi-tiered portable wireless system for 
monitoring weather conditions in rugged wildland fire environments. FireWxNet provides 
the fire fighting community the ability to safely and easily measure and view fire and 
weather conditions over a wide range of locations and elevations within forest fires. This 
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This paper provides an overview of new facilities for performance analysis using Coloured 
Petri Nets and the tool CPN Tools. Coloured Petri Nets is a formal modeling language that 
is well suited for modeling and analyzing large and complex systems. The new facilities 
include support for collecting data during simulations, for generating different kinds of 
performance-related output, and for running multiple simulation replications. A simple 
example of a network protocol is used to illustrate the ... 
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Scientific and engineering software is often produced by integration of existing software 
components of the size of a whole program. However, on the average, scientific software 
was not developed for reusability and is quite distant from the user model of the 
application problem; integration and retrofitting is as such a costly process. An 
architecture, methodology and several C++ class libraries for supporting integration are 
introduced.. The architecture separates a software component lay ... 
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Modelling tools play a crucial role in model-driven software development methods. A 
particular difficulty in testing such software systems is the generation of adequate test 
cases because the test data are structurally complicated. This paper proposes an 
approach called data mutation to generating a large number of test data from a few seed 
test cases. It is inspired in mutation testing methods, but differs from them in the way 
that mutation operators are defined and used. In our approach, mutat ... 
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An approach to derive an Object-Oriented Design (OOD) from a simplified Structure 
Analysis (SA) is presented. The approach is demonstrated with the BATCES problem 
statement defined by the Object Oriented Work Group (OOWG) [CRA92]. Unlike other 
methodologies, the simplified SA/OOD is targeted specifically for Ada. Assuming that Ada 
is self-documenting, the approach defines the diagrams and tables that complement the 
• code, and not just repeat the information already there. As demanded by typical A ... 
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the optimal flow of materials, which requires a significant quantitative review and can be 
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